A litter of 5-week-old Doberman Pinschers with pustular dermatitis was treated dermally with a hexachlorophene-containing emulsion. Shortly after a second treatment, all of the puppies developed neurologic signs consisting of muscle tremors, ataxia, and apparent muscle weakness. The clinical history and signs, histologic lesions within the central nervous system, and measurement of hexachlorophene in liver and kidney tissue confirmed a diagnosis of hexachlorophene toxicosis.
preparation, the owner thoroughly washed the treated skin areas with soap and water. The owner contacted a local veterinary emergency clinic, and approximately 3 l / 2 days after the onset of clinical signs, one of the most severely affected puppies was referred to the Animal Health Diagnostic Laboratory.
Gross and histologic examination. The puppy was euthanized with embutramide, b and a complete gross postmortem examination was conducted.
Virology. Thin frozen tissue sections of brain, lung, and bladder were stained with a canine distemper antibody conjugate and examined under an ultraviolet microscope.
Toxicology. Liver and kidney mineral concentrations were measured by inductively coupled argon plasma emission spectroscopy."
Fresh liver, kidney, and fat samples were collected for identification of HC. Hexachlorophene, as the dimethyl derivative, was identified in liver and kidney by gas chromatography-mass spectrometry (GC-MS). d Tissue concentrations were determined by gas chromatography with electron capture detection e (Braselton WE, Poppenga RH, Rumler PC, Determination of hexachlorophene in tissue, poster presentation, Midwestern AOAC Meeting, Madison, WI, June 1989).
Results
Gross and histologic examination. Gross necropsy findings included a pustular dermatitis in the ventral flank area, a dilated esophagus, ascariasis, and several small, hyperemic lesions in the mucosa of the intestine. All other tissues were grossly normal. Histologic lesions of note were restricted to the brain and spinal cord and consisted primarily of marked vacuolation of the white matter suggestive of intramyelinic edema ( Fig. 1 ). Vacuolation was more severe in the spinal cord. A somewhat diffuse increase in glial cells was noted in the white matter of the brain.
Virology. Fluorescent antibody examination was negative for canine distemper virus.
Toxicology. The kidney copper and liver iron concentrations were below the anticipated normal ranges, Figure 1 . Photomicrograph of the cerebrum of a 5-week-old puppy treated dermally with hexachlorophene. Diffuse vacuolation indicative of intramyelinic edema is evident in the white matter (arrows). An increase in the number of glial cells was also noted (triangle). HE stain. but these alterations were considered to be incidental findings unrelated to the clinical problem. Liver and kidney from the affected puppy contained 3.0 and 1.6 ppm hexachlorophene, respectively. An interfering chromatographic peak precluded reliable quantification of HC in fat.
Discussion
The histologic lesions in the present case were identical to those reported in humans and animals exposed to toxic amounts of HC. 3, 4, 9, 12, 14, 15 Based upon the history, clinical signs, and laboratory analyses, a diagnosis of HC toxicosis was made.
Hexachlorophene was used for a number of years as a topical antiseptic prior to recognition of its toxic potential. Following experimental studies in laboratory animals and retrospective studies of human neonates dermally exposed to HC, it was discovered that exposure to sufficient amounts of HC resulted in the occurrence of a central nervous system (CNS) syndrome characterized histologically by diffuse vacuolation of the white matter. 9, 15, 16 Electron microscopic studies showed that the intramyelinic vacuolation was due to the accumulation of a plasma ultrafiltrate between myelin sheaths at the intraperiod line. 15 The pathogenesis of the vacuolation is not clear but has been hypothesized to be due to alteration of the permeability of the myelin lamellae to water and electrolytes. 15 Hexachlorophene is absorbed from the gastrointes-tinal tract and from intact and denuded skin. 6 Rapid absorption can occur following its application to inflamed or burned skin. In a study of HC absorption following dermal application to human neonates, time to peak blood concentrations following a single bath ranged from 6 to 10 hours. 16 In the same study, the half-life of HC in whole blood ranged from 6.1 to 44.2 hours. Repeated daily application of HC results in the accumulation of HC on the skin for 3-4 days followed by relatively constant skin concentrations with subsequent applications. Residual HC may be retained on the skin for several days after discontinuation of use. There is an age-dependent susceptibility to HC toxicosis. 12, 13 The greatest sensitivity appears to be during the period of rapid myelin production. Animals may be less susceptible at an earlier age because of a relative lack of myelin formation. Older animals may be more tolerant because of enhanced metabolism of HC by the liver to less toxic metabolites. Young rats 6-22 days of age and human neonates < 1,400 g birth weight are particularly susceptible to intoxication. Based upon case reports, dogs and cats appear to be most susceptible to HC toxicosis following dermal exposure between 2 and 5 weeks of age. 2, 3, 14, 18 A diagnosis of HC toxicosis should be based upon clinical history and signs, the presence of characteristic histologic lesions in the white matter of the CNS, and the measurement of tissue HC concentrations. Similar histologic lesions have been noted following exposure to triethyltin, cuprizone, isonicotinic acid hydrazide, isoniazid, and phenelzine. 4, 15 Therefore, attempts to Thus, the therapeutic safety index for HC in young identify HC in tissue samples may be important for animals is low. In addition, HC-containing products confirming intoxication.
should not be used on nursing mothers because of the In experimental animals, characteristic lesions in the possibility of ingestion of HC by nursing neonates. CNS associated with toxicity occur at serum HC concentrations of 1 ppm or greater. 6 dividuals. In the present case, liver and kidney HC concentrations were well above these guidelines.
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Treatment of suspected HC toxicosis should consist 6 Activated charcoal does not adsorb hexachlorophene. 11 A saline cathartic should be given following the oil to decrease gastrointestinal transit time. effective, although experimental or clinical evidence of its efficacy is lacking. The adverse effects of HC on the CNS appear to be Diazepam has been reported to decrease the magnitude of the tremors but not eliminate them. 3 The slow intravenous infusion of hypertonic urea reversed the clinical signs in cats given toxic amounts of HC orally, but the effect did not persist following cessation of treatment? Presumably, mannitol would also be
